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Report No. 8926-160
, - Material - Titanium - Ti 6Al-4V, Commercially Pure (A-70)

Seam Weld Strengths

é Abstract:

Seam welds were made by the electric resistance, roller welding practice

in a variety of welding combinations comprised of 0.012" thick rigidized
commercially pure, 0,025" thick commercially pure, and 0.025", 0.032"

and 0,040" thick T4 6Al1-4V alloys. Tension testing revealed that in all
cases, except that one in which 0.0O" thick T{ 6Al-4V comprised the thinnest
weld joint member, failures occurred in the parent metal; in the exception
noted the failure took place in the heat affected zone adjacent to the weld.
The efficiency of the weld joints was thus found to be 100 per cent, except
in the case of 0.04O" thick Ti 6Al-4V where it was found to be 92 per cent.

Reference: Stier, Hu Hu' T\lrner, Hc C., mtherl&nd, We Mc,
"Seam Welds with Ti 6Al-4V Titanium Sheet,"
General Dynamics/Convair Report MP 56-115,
San Diego, California, 27 December 1956.
(Reference attached).
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ANALYSIS

rrREPARED s¥Stier/Turner
cHEckep ay W M. Sutherland

CONVY AIR

A BIVIBION OF SRNERAL DYNANICS CORPORATION
" SAN DIRGO

pacE 1
REPORT NO. 56-115
MODEL '=~1CJA
DATE 12-27-56

UBJECT:

;RPOSE:

CONGLLSIOLS

REPORT NO, 56-115
SEAM WELLS AITH Ti-6A1-4V
TiTANIUM SHEET

(a) .025 ..V to .032 AV

{b) 025 AV to 025 P

(¢) 4025 aV to .025 AV to .025 AV
(d) 4025 AV to .025 aV to ,Ol2 R
(e) o025 aV to 012 P to ,012 R
(£) +025 AV to 012 R to 012 P

(g) 4032 AV to 040 AV to 012 R
(h) <012 R to 025 .V to 012 R
(1) +012 R to 012 R to .025 AV to .032 AV
(k) 4025 AV to .025 a4V~ '
(1) .032 .V to .032 av

(m) 040 AV to 040 AV

l. To establish satisfactory machine setiings ror seam weldin. vurious
combinations of sheets oi' A~70 and Ti-6A1-4V titanium,

2. To determine the shear strength of various seam-welded comoin :tiors
of A-70 and Ti-6Al1-4V sheet,

To establish procedures, ootain design values und .roviae data with wnich
military approval may be obtaired so that Ti-6A1-4V a.teriul may oe sub-
stituted for .=110-AT materisl in Convuir's planes.

The Ti-6A1-4V titanium sheet in the annealed condition is suituole to re-
place ~=110-AT with respect to its seam-welding churucteristics; viz.,
(1) the new material can be seam welded with existin; rlant II equipment,
(1ii) the strength oi the welded joints is equzl to (or exceeas) thrat
t'ound in A-110-Al,

ESCHIPTION OF SFECIMENG:

Chemical compos.tion und mechanical properties of tle titaniwa sl.ecet used
in this test are recoried in Table I.

The following combinutions of 4=70 zud Ti-0Al-4V aheet were sesi~welded:

(vote: In the table above, the number represents tiickness oi sheet,
AV represents Ti-cAl-4V plain shect,
R represents A=70 rigidized sheet.)

¥ represents A-70 plain sheet,

FORM 1812-A
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TeST PROCEDURES

Prior to welding, the titanium panels were prepared us follows:

1. Vapor degrease (solvent 1050-55, MPS 64+03)
2., Alkaline clezner (Clean 1010-10,MPS ©le01, 14.v=1£0%F,)
3. hot water
4o Titmium etch (CVAC-Aul 1010-95, 1.5-3.0%
CVAC-AG]., 1010-80, 25-35%, MFS 63.03)
5. Cold w-ter
6, Oakite etel: (clecn 1010-100, MPS 61, 03)
7. Hot water
£« Vapor degre:zse (sece step 1,)

Various mé.chine Asettings on a Precision Seam Welder, 15C kV.i, in Flunt 11
were tried until a satisfactory weld wzs produced; viz., peel tcsts and
micrascopic examination revealed

1, Continuous fused zone penetration into the outer she.ts ol not less
than 20% of the original sheet thickness at any point over an arez
- whose m:jor axis is 80% of the inturface weld diameter (zj; roximately
50% nué et overlap).

24 No interface nusg,et expulsmn.

3. Freedom from surface burns (straw or olue color at ed_ e oi weld accept-
able), : ,

"Specimens for testing in shear were welded when , enetration reqairaents h-d
" been met using a -given mucline setiing,

Tension—shear coupons were m*ll-cut irom seam-welded pnel= The jpanels were
welded from two pieces of 3" x 6" m:terial (with the ;rain direction .arallel
to the 6-indh length) plus 1" x " strips (grain oirection parallel to the -
6-inch lenzth)., (See Figure 1.) In addition, sepurate penels were welued
from: rigidized material which hud the grain direction of thLe rigidized sheet

. perpendicular to the 6-inch length, ' In this manner the combinations including
‘rigidized A=70 could be tested with the rigidizing parallel to the lo'ad (as
well as with rigidizing normal to thie load). , i

In this regort the side-of the rigidized sheet on whick the sinusoidal con-
figurations agpear as ridzes will be called the top surface; ihe opposite side
of the sheet (where the sindusoidal configurations appecr as depressions) will
be known as the bottom surface of the sheet. (See Figure 2.).

Combinstions including rigidized ;=70 were pl“ced vetween the welding elcctrodes
with tie rigidized sheet above the plain sheets and, further, with t.e fop sur-
foce of the rigidized sheet in contact with the welding electroje. Exceptions
to this arrangement were made in the iollowing combinztions:

FORM 1018:A
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PREPARED BY Stier/ Turner A DIVISION OF GENERAL SYNANISS SORPORATION REFPORT N°.56"115
CHECkeD By W. M. Sutherland SAN DISGO 4 F106A
RIvieED v pargl2-27-56
1EST PROGEDURE, (Cont'd,)

(£) 4025 4V to 012 R to 012 P
(h) 4012 R to .025 4V to .012 R
(1) 4012 R %0 4012 R to0 4025 4V to .032 AV

012 P

The orientation of sheets in these combinations is shown in cross aectionx

(f) ~I1&11
. LOl2 R

4025 AV

(h)- 1 . Y

Top-Sufrace
:~E:of-Bigidized

Top Surface .
of Rigidized™ | .025 AV

012 R |.

012 RL|

"~ Top Surface 025 AV

®-m

" ——of Rigidized ]

«0l2 R

.012 RL-|

Top Surface

0l2 R

(1) -1&1II

T Rigidizmﬂ

14025 AV

+032 AV

(Notes  ,012 R I/ has the rigidizing parallel to the load and
012 R has the rigidizing perpendicular to the load.)

PORM 1018.A
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Shear specimens were pulled in a Tinius Olsen tensile machine at a c-osshenrd
speed of 0,2 in, per min, until failure,

ON OF PROCEDU

Future tests of this nature should amploy 4" x 8" instegd of 3" .x u" m.terial,
This will permit gripping shear coupons securely in the tensile machine und,
further, enough material will be- available xor 5 a:upons per panel.

Sheet combinations which included rigidized A-70 were tnck—welded at 3 pointa
along the overlap, This was necessary to prevent arcing. The tacks were so
placed and the seam so welded that the seam covered up the tacks, - The tack-
welds had no observable affect on weld strength except in one specimen where
the tack lay outside the seam weld, in which case the weld stren;th was
greatly reduced.

" RESULTS xug DISCU§SIQ§

Seam-weld machine settings and corresponding tension-shear VJlues are glven
in Table II and IiI,

" Failures in the .parent metal during testing indic-tes a weld-joint efficiency
of 100%, that 19, the weld is as strong as the parent metals

The efficiency of all welds using rigidized A-70 material may be assumed to
be 100% since the few random failures in the neat-axfected zone (HAZ) showed
strengths equal to that of the parent metal,

Welds with ,025 iV, 025 P, and .032 AV showed 100% efflCiSHCJ with all
failures occurring in purent metal.

The welded combination of ,040 AV to <040 AV showed 92% efficiency uith all
‘failures occurring in the heat-affected zone.

A comparison between physical proper+ es of parent metal and breaking strength '
of seam-welded metal is given for 6Al-4V and A=701¢

Material ' Udt, Strongth (Parent) [Lt, Strength (Weld) | miticiens -

.012 R " (not tested) ' 87,000 psi (ave.) . 100%
.025 P 100,400 psi (ave.) ~ 105,100 psi (ave.) .  100%
.025 AV 131.,900 psi (ave,) - 138,000 psi (ave.) 100%
2032 AV 137,100 psi (ave.) 136,300 psi (ave.) 100%
.040 AV 141,700 psi (ave.) +130,700 psi (ave.) 2%

A similar comparison of values for A-110-AT taken from report 9354 is given:

Gauge Ult, Strength (Pareit) ULt, Strength (Weld)  Efficiency
032 127,000 psi (ave.) 130,000 psi (ave.) 100%

PORM 1918-4
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PREPARED BY Stier/Turner A SIvition o7 GENEBAL prEAICS SoRPORATION REPORT NO. 56-115
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REVISED BY ' DATE 12-27-56

3U AND CUSSL ON, (Cont!

Microscopic examination of all welds showad sound nuggets and penetration from
60% to 90% into the outer sheets. The combination of .025 r to .025 AV

showed a coarse mixture of the respective microstructures at the interface
within the nugget area.

Values for shear test no's. (e) = I -2, (h) = I - 2, and (k) - 4 were
omitted from the Table III for the following reason:

e-I-2, the tensile machine operator damaged ti.e specimen when clamping
specimen into the grips of the tensile machine,
h-I-2, a tack weld lay outside the seam weld and acted as a local stress-
raiser,
_ k=4, the specimen failed in the metal held within the jaw 01 the
. testing machine.

PORN 1918-A
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CHECKED .:v W. M, Sutherland . MODEL}'-] 06A

DATR ]12.27-56

T 11T N
]@l@@@ @ 1 INTERFACE
| = . N TESTED
| ||
DIRECTION, T - *o DA
o/SEA/"M/EL‘g o ._._ 1 T i N :
30 | - T | | S ‘ T SHEAR
l R | FORCE
I I |
" 5 CoUBON |
R Yinmi 00‘,";50—0‘_1‘0@05/'47—
IPEE’ Ay M ——

FIGURE 1 (a) Diagram of welded panel showing how 5coupons were mill-cut
. , from each panel,

Direction of SEAMWELD

— A

-MQ

FIGURE 1 (b) Diagram of individual shear coupons cut from panels made
from ,012 R where A = 4025 AV or ,040 AV or ,012 P and
where B = ,012 R.

PORM 1018-A
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PREPARED BYSticr/Turner 4 0rnmion o7 camoas. ovasmes soasoninies REPORT NO. 56=115
cHEckeD By W. M. Sutherlamd - SAN BiseO0 mooeL F-1064
REVISED BY DATE 12-27-56

SINUSOIDAL RIDGES

DIAMOND - SHAPED
DEPRESSIONS

A A
AR INA =

SECT/ION A-A

FIGURE 2 - TOP VIEW OF RIGIDIZED SHEET

NOTE: In this report the eide of the rigidized sheet on which
the sinusoidal configurations appear as ridges is called
the top surface,

FORNM 1810-A
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